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本论文研究目的是探讨 B(a)P 和 DDT 联合暴露对小鼠肝脏毒性损伤作用，
并筛选出合适的分子生物学指标。根据 2 因素 3 水平析因设计，将 50 只清洁级
昆明种雄性小鼠按体重随机分为 10 组，即空白对照组，溶剂对照组，B(a)P 暴露
组（1.0 mg/kg.bw、10.0 mg/kg.bw）、DDT 暴露组（0.6 mg/kg.bw、6.0 mg/kg.bw）、
联合暴露组（B(a)P 1.0 mg/kg.bw+DDT 0.6 mg/kg.bw、B(a)P 10.0 mg/kg.bw+DDT 
0.6 mg/kg.bw、B(a)P 1.0 mg/kg.bw+DDT 6.0 mg/kg.bw、B(a)P 10.0 mg/kg.bw+DDT 
6.0 mg/kg.bw）。腹腔注射染毒 31d 后，观察染毒前后小鼠体重变化；取小鼠肝脏
组织做成切片，HE 染色观察肝组织形态，TUNEL 染色检测肝细胞凋亡率；检
测小鼠血清 ALT、AST 及 γ-GT 活性，作为小鼠肝脏损伤程度的指标；测定肝组
织中 EROD 活性，作为 CYP1A1 的诊断标记；测定肝组织中的 GSH-Px 和 SOD
两种抗氧化酶活性，作为小鼠肝脏氧化损伤程度的指标；实时荧光定量 PCR 法





（2）对小鼠肝细胞凋亡率的影响，B(a)P 和 DDT 存在交互作用。低剂量
DDT 与 B(a)P 产生拮抗作用；高剂量 DDT 与低剂量 B(a)P 产生协同作用，与高
剂量 B(a)P 产生拮抗作用。 
（3）对小鼠血清 ALT、AST 和 γ-GT 活性的影响，未观察到 B(a)P 和 DDT
存在交互作用。单独给予 B(a)P 时，能诱导小鼠血清 ALT 活性和 AST 活性，未
观察到对 γ-GT 活性产生明显影响；单独给予 DDT 时，能诱导小鼠血清 ALT 活
性和 AST 活性，未观察到对 γ-GT 活性产生明显影响。 
（4）对小鼠肝脏 EROD 活性的影响，B(a)P 和 DDT 存在交互作用。低剂量
DDT 与低剂量 B(a)P 产生拮抗作用，与高剂量 B(a)P 产生协同作用；高剂量 DDT
















（5）对抗氧化酶 GSH-Px 和 SOD 活性的影响，未观察到 B(a)P 和 DDT 存
在交互作用。单独给予 B(a)P 时，能抑制 GSH-Px 活性和 SOD 活性；单独给予
DDT 时，未观察到对 GSH-Px 活性产生明显影响，但能抑制 SOD 活性。 
（6）对 CYP1A1 和 GPX1 基因表达情况的影响，未观察到 B(a)P 和 DDT
存在交互作用。单独给予 B(a)P 时，可诱导 CYP1A1 基因表达，未观察到对小鼠



















To investigate the effect of combined exposure to B(a)P and DDT on male mouse 
liver and select appropriate biomarkers, 50 clean male Kunming mice were divided 
into 10 groups at random: the blank control group, the solvent control group, the 
B(a)P groups (1.0 mg/kg.bw, 10.0 mg/kg.bw), the DDT groups (0.6 mg/kg.bw, 6.0 
mg/kg.bw), the combined exposure groups (B(a)P 1.0 mg/kg.bw+DDT 0.6 mg/kg.bw, 
B(a)P 10.0 mg/kg.bw+DDT 0.6 mg/kg.bw, B(a)P 1.0 mg/kg.bw+DDT 6.0 mg/kg.bw, 
B(a)P 10.0 mg/kg.bw+DDT 6.0 mg/kg.bw ). After 31 d intraperitoneal injection, the 
mice were weigh; the liver tissues were taken to observe the morphological structure 
through the staining of HE, to get apoptotic rates of mouse liver cells through the 
staining of TUNEL and to analysis the activity of EROD, GSH-Px, SOD and the 
expression of gene CYP1A1 and GPX1; the serum was taken to analysis the activity 
of ALT, AST and γ-GT. 
Results:   
(1)Compared the blank control group with the solvent control group, there was no 
significant difference. The solvent (DMSO + oil) didn't interference experiment 
results. 
(2) To increase apoptotic rates of mouse liver cells, there was interaction between 
B(a)P and DDT. The style of interaction was antagonistic effect when DDT was in the 
low dose ; high-dose DDT had synergistic effect with low-dose B(a)P and had 
antagonistic effect with high-dose B(a)P. 
(3)To influence ALT, AST and γ-GT activity in serum of mice, no interaction was 
observed. B(a)P could induce ALT and AST activity in serum of mice but had no 
obvious effect on γ-GT activity. DDT could induce ALT and AST activity in serum of 
mice but had no obvious effect on γ-GT activity.  
(4)To induce EROD activity in mouce liver, there was interaction between B(a)P 
and DDT. Low-dose DDT had antagonistic effect with low-dose B(a)P and had 















B(a)P. B(a)P and DDT both could induce EROD activity in liver.  
(5) To influence GSH-Px and SOD activity in liver of mice, no interaction was 
observed. B(a)P could inhibit GSH-Px and SOD activity in liver; DDT could inhibit 
SOD activity in liver but had no obvious effect on GSH-Px activity.  
(6) To influence CYP1A1 and GPX1 gene expression, no interaction was 
observed. B(a)P had no obvious effect on GPX1 gene expression, while high dose 
B(a)P could induce CYP1A1 gene expression. DDT had no obvious effect on 
CYP1A1 and GPX1 gene expression.  
 



















缩 略 词 表 
V 
缩 略 词 表 
B(a)P Benzo(a)Pyrene 苯并(a)芘 
DDT Dichlorodiphenyltrichloroethane 滴滴涕 
DMSO dimethyl sulfoxide 二甲基亚砜 
ALT Alanine transaminase谷丙转氨酶 
AST Aspartate transaminase 谷草转氨酶 
γ-GT γ-glutamyl transpeptadase γ-谷胺酰基转移酶 
EROD 7-ethoxyresorufin O-deethylase 7-乙氧基-3-异吩唑酮-脱乙基酶 
CYP1A1 Cytochrome P450,1 A1 细胞色素 P450 亚酶 1A1 
AHH aryl hydrocarbon hydrorylase 芳香族碳氢化合物加羟基酶 
GSH-Px glutathione peroxidase 谷胱甘肽过氧化物酶 
SOD Superoxide dismutase 超氧化物歧化酶 

















存在，并能通过食物链的富集作用影响人类健康。B(a)P 和 DDT 分别是多环芳
烃和有机氯农药的代表性物质。因此，研究二者之间的联合作用是十分必要的。 
1.1 B(a)P 的毒性效应 
1.1.1 B(a)P 的理化性质及来源 
苯并(a)芘（B(a)P），是一种由 5 个苯环构成的多环芳烃，占全部致癌性多环
芳烃的 1-20 %[1]。其分子式为 C20H12，分子量为 252.30，常温下为无色至淡黄色





[3]检测到厦门西港表层海水中 B(a)P 含量最高可达 23.4 ng/L，已达到生态毒理评
价标准。由于 B(a)P 的亲脂性，它在沉积物中的含量远远高于在水相中的含量[4]。  





芘，被认为是 B(a)P 的最终致癌代谢产物[5-7]。 
B(a)P 对机体造成毒性效应主要分两方面： 
一是 B(a)P 的代谢终产物 7,8-二羟基-9,10-环氧苯并芘可与靶细胞 DNA 结
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